ABSTRACT -Functional imaging of brain electrical activity was performed in 25 chronic medicated schizophrenics and 40 controls, analyzing the classical frequency bands (delta, theta, alpha, and beta) of 19-channel EEG during resting state to identify brain regions with deviant activity of different functional significances, using LORETA (Low Resolution Tomography) and SPM99 (Statistical Parametric Mapping). Patients differed from controls due to an excess of slow activity comprising delta + theta frequency bands (inhibitory pattern) located at the right middle frontal gyrus, right inferior frontal gyrus, and right insula, as well as at the bilateral anterior cingulum with a left preponderance. The high temporal resolution of EEG enables the specification of the deviations not only as an excess or a deficit of brain electrical activity, but also as inhibitory (delta, theta), normal (alpha), and excitatory (beta) activities. These deviations point out to an impaired functional brain state consisting of inhibited frontal and prefrontal areas that may result in inadequate treatment of externally or internally generated information.
Over the last few years, Quantitative Electroencefalography (qEEG) has been a valuable toll in the development of new avenues to tackle crucial issues in behavioral neuroscience. Since Ingvar et al. [1] [2] [3] described hypofrontality in chronic schizophrenics by a regional cerebral blood flow method, several investigations using different methods (PET, SPECT, fMRI) have reported dysfunctions in the schizophrenic frontal, pre-frontal lobe [4] [5] [6] , that are associated with deficits in attention, planning, and working memory 7 . In line with these findings, several quantitative electroencephalographic studies have also reported hypofrontality, which can be defined as a frontally pronounced slowing of EEG activity [8] [9] [10] [11] [12] . A slowing of EEG activity correlates with reduced blood flow and glucose utilization. These results have been considered the electrophysiological equivalents of hypofrontality 9, 13 . Indeed, long before the concept of hypo-frontality became popular, Lemere 14 described a slowing of EEG activity in schizophrenic patients, especially those with a deteriorating course of illness. Since then, many studies have stressed the relation between a slowing of EEG activity and an unfavorable course of the illness and/or negative symptoms 9, 15, 16 . Although PET and fMRI technologies have a fine spatial resolution, they only provide an indirect measure of neuronal electrical activity. Their temporal resolution is too low to discriminate the rapidly shifting patterns characteristic of actual neurophysiological processes 17 . On the other hand, the quantitative electroencephalogram (qEEG) has a high temporal resolution (generally 1 to 5 milliseconds), but a spatial resolution limited to the area of the electrode sites. Therefore, the interpretation of the underlying functional neuroanatomy is possible only at the level of entire cortical lobes 17 . Scalp distributions of EEG power bands are not directly interpretable in terms of intracerebral generator locations. To avoid this problem, Michel et al. 18 and Dierks et al. 19 applied the "FFT-Dipole-Approximation" for computing brain localization of EEG-generating processes. However, FFT-Approximation is limited to a particular site and is unable to generate full threedimensional (3D) images. Restriction to a distinct location does not allow a reasonable estimate of the active processes of higher brain functions.
Recently, Pascual-Marqui et al. 20 and Pascual-Marqui 21 proposed a new approach to tackle this problem using LORETA (Low Resolution Electromagnetic Tomography). This method allows a direct, true 3D tomography of brain electric activity. It requires only simple constraints and no predetermined knowledge about the number of discernable source regions. Using LORETA, the high temporal resolution of the brain electric data can be analyzed separately for the different EEG frequency bands, which have different functional interpretations. This approach allows the discrimination between distinct brain electrical patterns; such as: delta, theta, alpha and beta frequency bands 11 . In this context, to assess whether this new imaging tool (LORETA) can detect hypofrontality in schizophrenics, we investigated medicated chronic schizophrenic patients compared to normal control subjects.
METHOD Subjects
Twenty five (25) chronic medicated schizophrenic outpatients from the Institute of Psychiatry (Federal University of Rio de Janeiro, Brazil) were selected for this study. All the patients presented a positive clinical history of birth difficulties, brain pathology during development, head trauma, epilepsy, developmental or neurological abnormalities, and psychoactive substance abuse. The diagnostic criteria used for schizophrenia classification was that from ICD-10 and the great majority of patients had a clinical predominance of negative symptomatology. All patients were under conventional anti-psychotic medications, but one using conventional associated with an atypical, and another only atypical neuroleptic, at the moment of the EEG assessment. There were 16 males and 9 females (mean age 29.6 years ± 7.98 SD) with a mean evolution time of 9.64 years ± 7.12 SD. There were 40 controls recruited among students, hospital staff, and faculty members (23 males and 17 females; mean age 30.4 years ± 7.99 SD). The 40 volunteers were screened for psychiatric disorders and all met the exclusion criteria mentioned above for the schizophrenics. There was no significant age difference between control and patient groups. Both groups signed a consent form and the experiment was approved by the ethics committee.
Data acquisition and processing Patients and controls were seated in a comfortably sound and light attenuated room, while 20 minutes or more of eyes-closed alert/resting EEG data were collected from the19 mono-polar electrodes sites. International 10/ 20 System (referred to linked earlobes) for electrode placement was used with a Braintech-3000 (EMSA-Medical Instruments, Brazil).
Eye-movement (EOG) artifact was monitored with a bipolar electrode montage using two 9-mm diameter elec- trodes attached superior to and on the external canthus of the right eye. Impendances for EEG and EOG electrodes were under 5 KΩ and 20 KΩ, respectively. Visual inspection was employed for detection and elimination of artifacts. Moreover, Independent Component Analysis (ICA) was applied to remove possible sources of artifacts. Amplifier bandpass was 0.5-70 Hz (3 dB points), with a 60 Hz notch filter. Data were digitized at 200 Hz with a 12-bit resolution.
At least two minutes of artifact-free data were extracted from the EEG's total record for quantitative analysis. Power-spectral analysis was performed with Fast Fourier Transform (FFT). For each of the 19 monopolar derivations, absolute and relative (%) power, mean frequency, interhemispheric and intra-hemispheric coherence, and symmetry were computed for the delta (1.0 -3.5 Hz), theta (4.0 -7.5 Hz), alpha (8) (9) (10) (11) (12) , and beta (13 -25 Hz) frequency bands. Absolute power was the only parameter used to create the functional images of neuronal electrical activity for the 4 classical bands of EEG (delta, theta, alpha, and beta) and for the 10 monopolar derivations.
Functional images of neuronal electrical activity
The 3D intracerebral distribution of neuronal electrical activity (current density) from the scalp-recorded potential distribution was assessed with Low Resolution Brain Electromagnetic Tomography (LORETA) 20 . LORETA computes current density at each voxel in the brain as the linear, weighted sum of the scalp electric potentials 21 . The 3D solution space was restricted to the cortical gray matter and hippocampus in the Talairach Atlas, as determined by the corresponding digitized Probability Atlas available from the Brain Imaging Center, Montreal Neurologic Institute 22 . According to Pascual-Marqui et al. 11 , a voxel is labeled as gray matter if it met the following three conditions: its probability of being gray matter is higher than that of being white matter, its probability of being gray matter is higher than that of being cerebrospinal fluid, and its probability of being gray matter is higher than 33 %. Only those gray matter voxels that, after the Talairach Atlas, belonged to cortical and hippocampal regions were used for the analysis. A total of 2394 voxels at 7 mm spatial resolution were produced under these neuroanatomical constraints. LORETA represents the electrical activity at each voxel as squared magnitude (power) of the computed current density. The scalp-recorded potential distribution (power values at the 19 electrodes) for each subject and for each classical frequency bands (delta, theta, alpha and beta) in this study was transformed into LORETA functional images. In another step, each LORETA functional image was transformed to SPM99 (Statistical Parametric Mapping) 23 format, and subsequently normalized with a spatial resolution of 1 mm for statistical analysis. The SPM99 TTest for two independent samples was used to localize the differences of the brain electrical activity between gro- ups (schizophrenics compared to controls), voxel-by-voxel. Each voxel is an independent variable to be compared between groups. The final result is a statistical map with the T-Test value for each voxel and its location in the brain, using the Talairach Atlas coordinates. Tables 1-2 and figures 1-3 indicate the regions where the SPM99 T-Test for independent groups achieves statistical significance at p ≤ 0.05 (corrected for multiple comparisons), according to frequency bands (delta and theta). In this study, during resting condition, the schizophrenic patients differed significantly from the controls only at delta-theta frequency band in frontal areas. Hyperactivity of slow frequency (delta and theta) was observed, probably corresponding to an excess of inhibitory activity at the right frontal lobe (frontal middle gyrus, frontal inferior gyrus, and insula) and bilateral frontal areas (anterior cingulum, with a left sided preponderance).
RESULTS

DISCUSSION
In agreement with other reports in the literature [8] [9] [10] [11] [12] , the results of the present study point out to an increase of low band (delta + theta) power in schizophrenics when compared to normal subjects. EEG slowing was found in the frontal lobe area, specifically in the bilateral anterior cingulate cortex, right middle frontal gyrus, inferior frontal gyrus, and insula. These results are in accordance with recent anatomical and functional studies, which consistently described abnormalities of these brain areas, mainly at the anterior cingulum, in schizophrenics 11, [24] [25] [26] [27] . The- cated schizophrenic patients compared to controls. Thus, these results cannot be attributed to medication itself. Moreover, this kind of pattern is normally seen in adult sleep or in awake children. Along this vein, cortical hypofunction is related to deficits in working memory, which is described as the ability of the central nervous system to access information stored in a "buffer sector" 29 . In this context, our findings indicate an increase of low band frequencies at the right temporal lobe. This is not in agreement with previous studies which demonstrated that schizophrenic patients present a decreased activity in the left temporal lobe.
Taken together, the LORETA analyses in schizophrenic patients are largely consistent with findings from the literature showing electrophysiological evidence of cortical hypoactivation especially in the frontal cortex. The overall understanding is that, since all information processing is state-dependent, this disrupted brain state in schizophrenic patients provides the disposition that newly arriving (external or internal) information will be potentially treated in deviant ways. Due to their deviant state, the patients must have access to processing strategies and context material that is not available to normal individuals during adult wakefulness 11, 30 .
